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ABSTRACT 

REDUCTION  OF  RADIATION  LETHALITY  IN  DOGS 
BY  CHEMICAL  MIXTURE 

OBJECT 

To  determine  whether  the  pre-irra.di&tion  ndminietratioB  of 
mixtures  of  chemicel  egenta  to  dogs#  with  or  without  poat-irradintion 
supportive  therapy,  can  provide  effective  protactioB  from  sapra-lethal 
total-body  doses  of  ionising  radiation. 

RESULTS  AND  CONCLUSIONS 

A  total  of  68  small  dogs  were  individually  exposed  to  aupra-lothal 
doses  of  600  r  (1.  8  x  LD^qq)  of  acute  whole-bo<ly  radiation  from  a  co¬ 
balt  60  source.  The  administration  of  4  to  5  mg/kg  of  para-amino- 
propiophenone  (PAPP)  intravenously  30  minutes  before,  and  225  mg 
(total  dose)  of  S,  P-aminoethylisothiuronium  (AET)  plus  32.  5  mg  (total 
dose)  of  serotonin  intraperitoneally  10  to  15  minutes  before  irradiation 
provided  58  per  cent  survival,  whereas  the  administration  of  PAPP 
alone  protected  only  13  per  cent.  By  supplementing  this  p re -irradiation 
chemical  treatment  with  post- irradiation  supportive  therapy  consisting 
of  antibiotics,  vitamins,  parenteral  fluids,  and  whole-blood  transfusions, 
the  survival  of  the  PAPP  treated  dogs  was  increased  to  63  per  cent,  while 
the  survival  of  the  dogs  receiving  the  chemical  mixture  was  increased 
to  82  per  cent.  Post-irradiation  supportive  therapy  increased  the  mean 
survival  time  of  control  irradi'.ted  dugs  by  4  days,  but  effected  survival 
beyond  30  days  in  only  one  case.  Pre-treatment  with  chemical  agents 
seemed  to  influence  favorably  the  post-irradiation  fall  in  leucocytes, 
but  did  not  noticeably  effect  ^e  hematocrit  or  hemoglobin  levels.  No 
deaths  occurred  as  a  direct  result  of  the  toxicity  of  the  chemical  agents; 
furthermore,  the  intravenous  administration  of  methylene  blue  immedi¬ 
ately  following  irradiation  rapidly  reversed  the  toxic  effects. 

RECOMMENDATIONS 

It  is  recommended  that  this  and  other  mixtures  of  chemical  radio- 
protective  ager.ts  be  investigated  further  In  dogs  with  a  view  toward 
possible  human  application. 


A.  T.  KREBS,  Ph.  D.  j 
Director,  Radiobiology  Division. 


APPROVED: 


Colonel,  Medical  Corps  i-JtS 
Commanding 


tt 


REDUCTION  OF  RADIATION  EETUALITY  IN  DOGS 
BY  CHEMICAL  MIXTURE 


L  INTRODUCTION 


Effective  protection  from  radiation  induced  lethality  in  rodents  by 
the  pre-irradiation  administration  of  various  chemical  agents  has  been 
demonstrated  by  numerous  investigators.  In  this  laboratory  an  im¬ 
proved  degree  of  protection  in  mice  against  supra-lethal  doses  of  whole- 
body  X-irradiation  has  been  achieved  by  the  pre- irradiation  adminis¬ 
tration  of  a  mi::iure  of  radio-protective  chemicals  conf  injng  S,  P- 
aminoethylisothiuronium  (AET),  p-mcrcaptoethylamine  (MEA)  and  ^ 
serotonin  (1),  By  supplementing  the  abijvc  chemical  treatment  v/ith  the 
use  of  lead-grid  partiai-body  shielding  during  irradiation  or  the  trans- 
planbition  of  i&ologous  bone  marrow  following  irradiation,  further  in¬ 
creases  in  the  survival  of  mice  at  supra-lethal  doses  of  X-radiation 
were  obtained  (2.  3). 

Attempts  to  protect  dogs  from  radiation  induced  letliality  using 
single  chemical  agents  have  been  rather  disappointing  (4);  however, 
using  a  mixture  of  AET  and  para-aminopropiophenone  (PAPP),  Blouin 
and  Overman,  in  a  preliminary  paper,  reported  83  to  100  per  cent 
survival  in  dogs  following  exposure  to  500  r  (1.25  x  LD|qq)  of  X- 
radiation  (5).  Similarly.  Jacobus  used  high  doses  of  MEA  and  cysteine 
combined  to  protect  dogs  against  700  or  775  r  of  X-rays  (6). 

It  ha.s  been  reported  that  streptomycin  and  bone  marrow  therapy 
in  mice  following  sc pra-lcthal  X-ir radiation  enhances  the  protection 
afforded  by  pre- treatment  with  AET  (7).  Furthermore,  the  beneficial 
effects  of  post- irradiation  therapy  with  antibiotics,  vitamins,  and  whole 
blood  transfusions  have  been  demonstrated  in  sublethally  irradiated  dogs 
(8-12).  The  effectiveness  of  such  post-irradiation  therapy  in  chemically 
protected,  supra- lethally  irradiated  dogs  has  not  previously  been  re¬ 
ported  in  the  literature. 

The  present  study  was  undertaken  to  determine,  firstly,  the  degree 
of  radiation  protection  which  could  be  obtained  in  dogs  by  the  prior  ad¬ 
ministration  of  a  mixture  of  chemical  agents;  and,  secondly,  the  effect 
of  post- irradiation  supportive  therapy  on  the  percentage  of  survival  of 
chemically  pre-treated,  irradiated  dogs. 

ll.  EXPERIMENTAL 

A  total  of  68  healthy,  mature,  mongrel  dui^a  of  both  sexes,  weighing 
6.  5  to  11.0  kg  were  used  in  thic  study.  All  dogs  were  individually 
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exposed  to  supra-lethal  doses  of  bOO  r  of  acute  whole-body  radlalion 
from  a  cobalt  &0  source.  The  dcgs  to  be  irradiated  were  assigned 
randomly  to  the  following  gr  ips: 

Croup  L  Control  (No  Pre- treatment) 

a.  With  post-irradiation  supportive  therapy 

b.  Without  post- irradiation  supportive  therapy 

Croup  n.  •  Pre-treatment  with  PAPP 

a.  With  post- irradiation  supportive  therapy 

b.  Without  post- irradiation  supportive  therapy 

Croup  ECL  Pre- treatment  with  PAPP,  APT  and  Serotonin 
a.  With  post- irradiation  supportive  therapy 
b-  Without  post- irradiation  supportive  therapy 

Prior  to  their  use  in  this  study,  the  dogs  were  quarantined  for  two 
weeks,  given  anthelmintics  and  vaccinated  against  canine  distemper, 
hepatitis,  and  rabies.  They  were  then  moved  to  individual  metal  cages 
in  an  air-conditioned  building  and  observed  for  an  additional  week.  One 
pound  of  a  commercial  canned  dog  food  was  fed  daily  and  free  access  to 
drinking  water  was  allowed.  The  cages  were  cleaned  and  chemically 
disinfected  each  day.  Preceding  irradiation,  the  food  consumption, 
nature  of  the  feces,  rectal  temperature,  and  heart  rate  were  recorded 
daily,  and  control  blood  determinations  of  hematocrit,  hemoglobin, 
total  and  differential  leucocyte  counts  were  obtained.  Dogs  exhibiting 
abnormal  clinical  or  blood  pictures  were  excluded  from  the  study.  All 
food  was  withheld  for  24  hours  before  irradiation. 

A  loco  curie  cobalt  60  irradiation  facility  was  used  as  the  source 
of  ionizing  radiation  (13).  Each  dog  was  placed  in  a  single  compartment 
lucite  cage,  rotated  on  a  platform  at  three  revolutions  per  minute,  and 
exposed  to  600  r  of  total- body  radiation  (mid- tissue  dose)  from  abovai 
The  source  to  mid- tissue  distance  was  54.  S  cm.  Prior  to  each  series 
of  irradiations  the  mid-tissue  dose  rate  (27  to  32  r/min)  was  determined 
in  a  rectangular  paraffin  dog  phantom  with  a  100  r  Victoreen  thimble 
chamber.  The  details  of  dosimetry  and  specifications  of  the  radiation 
cage  were  described  in  a  previous  paper  (14). 

The  dosee  of  the  chemical  agents  used  in  this  study  and  the  interval 
between  the  administration  of  the  chemical  mixture  and  the  time  of  ir¬ 
radiation  «erc  derived  from  the  results  of  preliminary  experiments  in 
dogs  in  which  the  protective  capabilities  of  various  individual  and  com¬ 
bined  chemical  agents  were  tested. 
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The  chemical  agents  tested  were  para-aminopropiophenone  (PAPP)  » 
S,  P-aminoethylisothiu--onium  (AET)2,  and  S-hydrox'/tryptaroine  (sero- 
tcnin)^.  All  solutions  were  prepared  aseptically  within  five . minutes  of 
their  intended  use.  Tne  PAPP  was  dissolved,  with  slight  warming,  in 
propylene  glycol  at  a  concentration  of  10  mg/ml.  The  AET  and  serotonin 
were  dissolved  together  in  3  to  5  ml  of  normal  saline  and  the  final  mixture 
adjusted  to  a  pH  of  6-  3  to  6.  6.  A  one  per  cent  solution  of  methylene  blue 
was  prepared  in  normal  saline.  The  PAPP  was  administered  by  slow 
intravenous  injection  25  to  30  minutes  before  irradiation  at  doses  of  4 
to  5  ir.g/kg  of  body  weight.  The  mixture  containing  a  total  dose  of  225 
mg  of  AET  and  32.  5  mg  of  serotonin  per  dog  was  administered  intra- 
peritoneally  10  to  15  minutes  before  irradiation.  Immediately  following 
irradiation  methylene  blue  at  a  dose  of  2  .mg/kg  was  a-lfiilnlslered  intra¬ 
venously  to  Ihose  dogs  which  had  previously  received  PAPP- 

The  groups  of  dogs  designated  to  receive  post-irradiation  supportive 
therapy  were  treated  according  to  the  following  regiment 

a.  Antibiotics:  Antiobiotics  were  administered  only  after  an 
elevation  of  the  recta|  temperature  above  102.  5*F  was  noted.  Initially 
300.  000  units  of  procaine  penicillin  C  plus  0.  5  gm  of  streptomycin 
sulfate  were  administered  intramuscularly  once  daily.  If  no  response 
was  observed  in  24  hours,  the  dosage  was  doubled.  On  the  subsequent 
day.  if  no  reduction  in  rectal  temperature  was  noted,  chlortetracyciine 
or  oxylctracycline  (250  to  500  mg  per  day)  were  added  to  the  treatment, 
given  orally  if  tolerated,  or  otherwise  intravenously.  The  antibiotic 
therapy  was  continued  until  death,  or  until  an  improved  clinical  con¬ 
dition  aud  a  rising  leucocyte  count  Indicated  recovery. 

b.  Parenteral  Fluids:  1 50  to  .300  mi  of  1 5  per  cent  dextrose  In 
saline  intravenously  by  slow  drip,  or  150  to  30U  ml  of  5  per  cent  dextrose 
in  water  subcutaneously  were  administered  to  the  dogs  cnce  daily  only 
when  they  refused  all  fond.  These  parenteral  fluids  were  supplemented 
with  pota.s8ium  chloride  (10  meq/1),  vitamins  C  and  B  complex,  end 
broad  spectrum  antibiotics.  As  blood  electrolyte  determinations  were 
not  made  in  this  study,  identical  solutions  were  administered  to  all 
dogs  without  attempting  to  correct  the  fluid  and  electrolyte  balance  of 

of  each  dog  individually. 

^Obtained  from  Eastman  Kodak  Company,  Rochestsr.  N.  T. 

2ln  the  form  of  the  tir*  HBr  salt,  obtained  from  Schwars  Laboratories, 
Mount  Vernon,  N.  y1 

^In  the  form  of  the  creatinine  sulfate  salt,  obtained  from  the  California 
Foundation  for  Biochemical  Research,  Los  Angeles,  Calif. 
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c.  Miscellaneous  Treatments:  Other  therapy  was  given  as  in¬ 
dicated  by  the  development  of  clinical  symptoms.  A  gastrointestinal 
adsorbent  (Kaopectate,  Upjohn)  was  given  orally  when  diarrhea  was 
noted,  and  topical  antibiotics  and  cutaneous  wound  therapy  were  use  when 
skin  infections  were  present.  All  dogs  in  the  treated  group  were  given 
0.  5  ml/kg  of  body  weight  of  hyperimmune  serum  (anti- canine  distemper, 
hepatitis,  and  leptospirosis)  subcutaneously  at  14-day  intervals  following 
irradiation. 

Following  irradiation  the  food  consumption,  rectal  temperature, 
and  nature  of  the  feces  cf  both  treated  and  untreated  dogs  were  recorded 
daily.  Fvery  3  to  5  days  blood  was  collected  for  the  determination  of 
hematocrit,  hemoglobin,  and  total  and  differential  leucocyte  count. 

Deaths  were  recorded  daily.  The  dogs  living  beyond  30  days  were 
counted  as  survivors  and  were  retained  for  future  study.  All  dogs  which 
died  followmg  irradiation  were  necropsied. 

m,  RESULTS 

In  this  study  63  dogs  were  exposed  to  600  r  of  acute  whole-body 
radiation  from  a  cobalt  60  source.  Under  identical  conditions  of  irradi¬ 
ation  the  L>D5QyiQ  was  previously  estimated  at  260  r,  and  the 

LDioo/30  days  325  r  (14). 

The;  data  from  Individual  dogs  used  in  this  study  are  presented  in 
Table  1,  summarized  in  Table  2.  and  graphically  illustrated  in  Figure  1. 
Cumulative  mortalicy  is  illustrated  in  Figures  2  and  3.  The  results  of 
irradiating  the  different  groups  of  dogs  are  as  follows: 

Group  1:  Among  the  18  irradiated  controls  of  6  dogs  receiving  no  post- 
irradiation  supportive  therapy  all  died,  and  only  one  of  the  12  dogs  re¬ 
ceiving  post- irradiation  therapy  survived;  however,  this  survivor  ex¬ 
hibited  very  severe  signs  of  radiation  injury,  including  its  total  refusal 
of  food  intake  for  17  days,  before  its  ultimats  recovery.  At  the  12Ua 
post-irradiation  day  the  cumulative  mortalities  were  found  to  be  100 
per  cent  for  those  without,  and  only  25  per  cent  for  those  with  supportive 
tlierapy.  The  mean  survival  time  of  the  non- survivors  In  this  group  was 
10.  7  days  for  those  without  and  only  14.  5  days  for  those  with  poet-irradi¬ 
ation  supportive  therapy. 

Croup  n.  A  totil  of  16  dogs  were  given  PAPP  Li*;avenou8ly  prior  to 
radiation  exposure.  Five  of  the  8  dogs  receiving  post- irradiation 
supportive  therapy  survived  (62.  5  per  cent),  while  only  1  of  8  survived 
witliout  supportive  therapy  (12.  5  per  cent).  The  mean  survival  time  of 


4 


tmle  j 

IMOIVIDOtU.  MaNTM.ITY  DATA  fCM  DOCS  IRfiADIATCO  AT  600  r  COBALT  60 


Crtwp 

lA.  CcotTol 

orithout 

pT^* rodictaoB  cWvictil  but  wi 

til  post-nnliotio*  thernpy. 

Dog 

No. 

Sra 

Bad? 
#t.  (IqJ 

Uiys  Snr- 

VIMd 

Do, 

Mn. 

Sea 

Body 
*t.  (tgj 

Days  Sor- 
*i»ed 

ID 

r 

«.i 

25  , 

514 

M 

11.0 

9 

i3 

r 

8.3 

19 

659 

N 

IC.O 

15 

172 

r 

7.2 

4 

708 

M 

9.6 

17 

389 

■ 

8.7 

12 

776 

M 

10.9 

16 

391 

r 

8.3 

15 

008 

F 

9.8 

30* 

M 

10.1 

13 

830 

r 

10.0 

U 

Croup 

IB.  Control 

1  without 

pT«*  rod  tot  to*  cAmucxiI  okI  vt 

thout  poot 

*  roaiatioB 

therapy. 

Ooq 

Ko, 

I>« 

Bodf 

*t.  (Iiqj 

haj*  Smr^ 
vivad 

Do, 

Vo. 

Soa 

Body 

■t.  (tqj 

Doya  S>ir' 
Tt*«d 

1B3 

r 

6.S 

U 

943 

N 

10.8 

12 

121 

r 

8.1 

9 

944 

H 

0.4 

12 

942 

M 

8.8 

9 

B-108 

r 

9.8 

U 

Cf  ojf. 

iiA.  Rir?  ; 

i  nq-lnj  I 

.T.  with  pc^t-ro-iia' 

rioa  tbwropy. 

uoq 

No. 

Ses 

Poav 

8t.  (tq). 

Iny*  iMS- 

vincB 

Sra 

Body 
■  t.  (kq) 

Days  Suf' 
vived 

4S2 

F 

9.0 

15 

m 

N  ' 

11.0 

30* 

■  632 

r 

10.2 

13 

910 

F 

9.3 

IS 

6  S7 

M 

9.6 

30* 

5.i» 

F 

It*. 2 

30* 

717 

r 

7.S 

30* 

941 

M 

9.6 

30* 

ClOllO 

nU  PAtF 

4  •o-'kq 

(  •)  oi  S  1.8. 

<3>8  22S  me 

1  ACT  pKir 

3'/.$  w)  twrotoniji  I.P. 

*  \  tV 

f'oi  1  •  fon 

tatt<Si  tA**f<tfy, 

ro, 

Vo. 

Scs 

Body 
Ct.  (kqt 

Ooi't  Sur- 

•  i««d 

Do, 

No. 

Sea 

Body 

Ot.  (ii9> 

Days  Suf 

*i*«d 

949 

F 

8.9 

u 

68r 

F 

10.9 

30* 

« 

11.0 

30t 

701 

M 

8.8 

30* 

596 

M 

10.8 

30* 

710 

10. 1) 

18 

61S 

F 

9.6 

30* 

7a 

M 

8.0 

11 

S’S 

F 

9.7 

30* 

730 

M 

9.0 

17 

690 

F 

10  2 

30* 

775* 

M 

10.9 

30* 

691 

M 

9.4 

30* 

778 

M 

10.0 

30* 

692 

F 

10.9 

30* 

795* 

H 

8.4 

30* 

694 

F 

11.0 

30* 

79r 

R 

8.4 

30* 

661 

M 

9.1 

30* 

810* 

r 

7.7 

3U 

664* 

N 

9.0 

30* 

893* 

H 

8.0 

30* 

CtMip  1ITB.  PAtV  4  t»q/Vi  ri  o»  S  t.T.  q»d  »g  ATT  plu»  K.S  >0  t»rot»»in  l.P. 

•  f'i>i  lot  ion  Tfri'j^i, 


£! 

rv>hr 

Ot.  (l« 

Days  Sna* 
vinrd 

s? 

Soa 

Body 

•t.  (I,) 

Doya  S«r- 
*i*td 

314*  r 

4.2 

18 

855 

r 

0.5 

30* 

559  R 

10.5 

15 

858 

R 

10.5 

-  30* 

609  F 

lOJ 

30* 

858 

R 

10.7 

30* 

617  r 

10.0 

30* 

asr 

H 

0.0 

20 

619  r 

4.4 

12 

890* 

R 

8.9 

12 

834  r 

4.2 

30* 

195* 

R 

10.2 

30* 

TAMJ  2 

Siw««A«Y  04  omiG 

PttOrtCTIO,  STUDItS  IN 

Does  (600 

r  C08AIT  101 

Ptw  rodiotiaa 

e«  -  -  — 

Ro.  ol 

No.  o( 

Rroa  Survtoal 

Por  coot 

TfaatMPt 

Tharopf 

Oosp 

SwrriTOra 

Tine  (Doya) 

SuroinaJ 

^ofi'turr.  QBiyi 

CcatraJ 

Yea 

u 

1 

14.5 

1.3 

1  n 

Ro 

0 

0 

10.7 

0 

PAPPll.f.l 

U  g 

Yon 

No 

• 

• 

} 

14.3 

12.8 

82.5 

12.5 

PJVP  (I.V.)  and 

III  t 
(I.P.I  ■ 

Too 

n 

10 

14.3 

U.O 

ATT  ♦  Serotonin 

Ro 

12 

7 

15.4 

50.2 

s 


100 


Fig.  2.  Cuii»alative  mortality  of  control  and  chemically  protected  dogs 
following  600  r  and  with  post-irradiation  supportive  therapy. 


Fig.  3.  Cumulative  mortality  of  control  and  chemically  protected  doga 
following  600  r  but  without  post- irradiation  supportive  therapy. 


the  non- survivors  in  this  group  was  not  ncarkedly  influenced  by  the 
supportive  therapy.  The  50  per  cent  added  survival  of  those  receiving 
supportive  therapy  was  the  result  of  a  large  reduction  in  the  number  of 
deaths  occurring  between  the  12th  and  15th  post- irradiation  days. 

Croup  in.  ®  A  total  of  34  dogs  were  given  FAPP  intravenously  and  AET 
plus  serotonin  int rape ritone ally  before  irradiation.  Eighteen  of  the  22 
dogs  with  post- irradiation  supportive  therapy  survived  (81.  8  per  cent) 
as  compared  to  only  7  survivors  among  12  dogs  without  post-irradiation 
supportive  therapy  (58.  3  per  cent).  The  23.  5  per  cent  added  /^^ortality 
among  those  receiving  no  supportive  therapy  occurred  between  the  12th 
and  the  18th  post- irradiation  days.  Again  no  marked  difference  in  the 
mean  survival  time  among  the  non- survivors  in  this  group  was  noted. 

The  Immediate  side-effects  following  the  administration  of  these 
chemical  agents  varied  from  mild  to  severe  signs  of  toxic  reaction  . 
characterized  by  cyanosis,  dullness,  weakness,  hyperpnea,  tachycardia, 
excessive  salivation,  straining,  urination,  and  defecation.  Occasionally 
these  symptoms  became  severe  enough  to  produce  complete  prostration. 
The  intravenous  administration  of  2  mg/kg  of  methylene  blue  immediately 
following  irradiation,  however,  rapidly  abolished  these  toxic  sine- effects, 
and  recovery  was  essentially  complete  within  3  to  4  hours.  In  spite  of 
these  toxic  reactions,  drug-induced  mortality  was  not  encountered  in 
this  study. 

The  average  hematocrits  and  total  leucocyte  counts  of  the  control 
and  chemically  treated  dogs,  regardless  of  eventual  survival  or  non¬ 
survival,  are  illustrated  in  Figures  4  and  5.  Following  irradiation,  n 
rapid  fall  in  leucocytes,  especially  lymphucyten,  was  seen  in  all  dogs. 

It  appears  that  the  irradiated  controls  (Group  I)  exhibited  the  greatest 
and  most  rapid  drop  in  leucocytes,  whereas  the  dogs  receiving  PAPP, 
AET.  and  serotonin  (Group  HI)  showed  the  least  pronounced  leucopenuu 
The  leucocyte  pictures  of  dogs  receiving  identicsd  pre-irradiation  treat¬ 
ment,  with  or  without  post- irradiation  supportive  therapy,  were  not 
noticeably  different.  The  changes  in  the  hemoglobin  levels  were  found 
to  be  closely  parallel  to  those  of  the  hematocrit  values  and  are  not  there¬ 
fore  included  in  the  graphs.  The  hemotocrit  and  hemoglobin  levels  de¬ 
creased  progressively  following  irradiation,  but  there  were  no  apparent 
differences  between  the  control  and  chemically  protected  doge. 

A  comparison  of  the  average  hematocrit  and  leucocyte  va^liies  of 
the  survivors  and  the  non-enrvlvors  within  each  group  of  control  and 
chemically  treated  dogs  is  presented  in  Figures  6  to  11.  The  average 
leucocyte  counts  of  the  non-snrvivors  fell  well  below  those  ot  th* 
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Fig.  4.  Hematocrits  and  total  leucocyte  counts  of  control  and  chemic¬ 
ally  protected  dogs  receiving  post- irradiation  supportive  therapy. 


Fig.  S.  Hematocrits  and  total  leucocyte  counts  of  control  and  chemic¬ 
ally  protected  dogs  receiving  no  post- irradiation  supportive  therapy. 
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Fig.  6.  Hematocrits  and  total  leucocyte  COUAts  of  the  survivors  and 
non- survivors  in  the  group  of  control  irradiated  dogs  receiving  post- 
irradiatiou  supportive  therapy  (Group  la.). 


Fig.  7.  Hematocrits  and  total  leucocyte  counts  of  the  non-survivors  is 
the  group  of  control  irradiated  dogs  receiving  no  post- irradiation  sup¬ 
portive  therapy  (Croup  lb. ). 
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Fig.  8.  Hematocrits  and  total  leucpcyte  counts  of  the  survivors  andnon.- 
aurvivors  in  the  group  of  PAPP  treated  dogs  receiving  post- irradiation 
supportive  therapy  (Group  Ha-). 


Fig.  9*  Hematocrits  and  total  leucocyte  counts  of  the  survivors  and 
non- survivors  in  the  group  of  PAPP  treated  dogs  receiving  no  post¬ 
irradiation  supportive  therapy  (Group  Ila.). 


II 


Fig.  10.  Kematocrita  and  total  leucocyte  counts  of  the  suit^ivors  and 
non- survivors  in  the  group  of  dogs  treated  with  PAPP,  AET,  and  ser¬ 
otonin  and  receiving  post-irradiation  supportive  therapy  (Group  Ilia.). 


Fig.  11.  Hematocrits  and  total  leucocyte  counts  of  the  survivors  and 
non- survivors  in  the  group  of  dogs  treated  with  PAPP,  AET,  and  ser¬ 
otonin  but  receiving  no  post- irradiation  supportive  therapy  (Group  nib.). 
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survivors.  The  leucocyte  counts  of  dogs  which  eventually  survived 
began  to  rise  after  the  second  week,  approaching  pre- irradiation  levels 
by  60  days.  Li  general,  the  hematocrit  and  hemoglobin  values  decreased 
more  rapidly  among  the  non- survivors.  The  return  of  the  hematocrit 
and  the  hemoglobin  to  pre-irradiation  levels  among  the  survivors  was  not 
always  complete  even  after  63  days. 

IV.  DISCUSSION 

Numerous  chemical  agents,  including  PAPP,  AET,  and  serotonin, 
have  been  found  to  protect  rodents  from  radiation  induced  lethality  (16, 

17,  21).  However,  such  chemical  agents  were  too  toxic  when  admin¬ 
istered  to  dogs  in  doses  comparable  on  a  weight  basis  to  those  uped  in 
rodents  (-1).  On  the  other  hand,  the  reduction  of  the  dosages  to  less 
toxic  levels  resulted  in  greatly  diminished  or  insignificant  protective 
activity.  At  present,  no  single  chemical  agent  has  been  shown  to  provide 
satisfactory  radiation  protection  to  dogs  at  non-toxic  dose  levels. 

It  has  been  demonstrated  in  mice  that  mixtures  of  chemical  agents 
at  a  lower  dosage  for  each  offered,  without  additive  toxicity,  greater 
radiation  protection  than  any  one  of  the  agents  used  alone  (I).  The 
successful  use  of  mixtures  of  radio-protective  agents  in  dogs  has  also 
been  reported  (5,  6). 

Tlie  combination  of  chemical  agents  used  in  the  present  study  was 
derived  from  earlier  screening  experiments  in  doge  at  this  laboratory. 

It  was  found  that  the  pre- irradiation  administration  of  PAPP  (4  to  5 
mg/kg)  intravenously  and  AET  (225  mg  per  dog)  plus  serotonin  (32.  5 
mg  per  dog)  intraperitoneally  provided  a  high  degree  of  protection  from 
radi?^ion  induced  lethality.  The  doses  of  these  chemical  agents  givjn 
to  dogs  were  about  10  to  50  times  less  than  the  doses  required  to  produce 
effective  radiation  protection  in  mice  (1).  In  spite  of  the  development 
of  toxic  side- effects  following  the  administration  of  this  chemical  mixture 
to  dogs,  no  drug- induced  mortality  was  encountered.  Furthermore, 
much  of  the  toxic  effect  resulted  from  PAPP- induced  methemoglobinetnia 
and  could  be  reve'-sed  by  methylene  blue. 

Little  information  is  available  concerning  the  exact  mechanisms 
of  the  radio-protective  action  of  PAPP,  AET,  and  serotonin. 

PAPP  produces  a  rapidly  developing,  pronounced  methemoglobin¬ 
emia  when  administered  intravenously  to  dogs  (15).  Its  radio-protective 
activity  has  been  explained  on  the  basis  of  the  resultant  tissue  hypoxia 
(16). 
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AST  is  among  the  most  effective  of  tlus  numerous  arses  and 
sulihydryl  compounds  that  have  been  tested  for  radio^protecCive  activity 
in  mice  (17).  It  has  been  pustulated  that  these  cucr^ounds  protect  by 
virtue  of  their  direct  reaction  with  radiation- induced  radicals,  producing 
stable  hybrids  which  then  react  preferentially  with  other  raffcals  rather 
than  with  sensitive  biological  material.  The  isothiuronium  rmup  of 
AET  is  apparently  responsible  for  its  protective  activity  {IE -  In  the 
present  study,  all  solutions  of  AET  were  adjusted  to  a  pH  c£  a.  3  to  6.  6 
just  before  administration.  AET  transforms  readily  to  2-=ercapto- 
ethylguanidine  (MEG)  at  a  pH  around  neutral  (19).  It  is  asszmed  there¬ 
fore  that  some  of  the  observed  radio-protective  effect  was  5ie  to  MEG. 

It  has  recently  been  demonstrated  that  serotonin  probshly  owes 
its  protective  activity  to  its  ability  to  lower  tissue  oxygen  tension  in 
certain  critical  organs  such  as  the  spleen  (20).  This  cfi'''..':xfs  apparently 
due  to  the  smooth  muscle  effects  of  serotonin,  producing  vasoconstriction 
(21). 


The  beneficial  effect  of  symptomatic  post-irradiation  supportive 
therapy  in  both  control  and  chemically  protected  dogs  is  derrenstrated 
in  this  study.  By  administering  antibiotics,  parenteral  fluiis,  whole- 
blood.  and  vitamins  to  supra-lethally  irradiated  control  dogs.,  increase 
of  4  days  in  the  mean  survival  time  was  noted,  and  in  one  survival 
beyond-  30  days  was  attained.  The  beneficial  effect  among  chemically 

protected  dogs  is  evidenced  by  a  large  decrease  in  30  day  mortality. 

A  precise  evaluation  of  each  phase  of  the  post-irradiariSm  treat-  ' 
ment  program  wt-s  not  intended  in  the  design  of  these  e^^errrtents; 
however,  the  sequellae  of  hemorrhage,  infection,  and  anexnia  occurring 
within  the  first  30  days  after  radiation  were  certainly  altereihy  these 
treatments.  On  the  basis  of  subjective  clinical  evaluation  cc  :he  in¬ 
dividual  dogs  in  the  treated  and  untreated  groups,  it  is  a  general  im¬ 
pression  that,  in  untreated  dogs  in  which  total  leukocyte  count  fell 
below  about  1000  per  mm^.  overwhelming  infection  leading  c:  death 
was  the  invariable  consequence.  However,  among  the  dogs  receiving 
supportive  Uierapy,  the  onset  of  overwhelming  infection  was  often  pre¬ 
vented  or  delayed  by  antibiotic  therapy,  even  in  the  face  of  tctal  leuco¬ 
cyte  depression  far  below  1000  per  mm3.  Furthermore,  ereu  in  cases 
where  infection,  hemorrhage  and  anemia  developed  to  a  degrse  pro> 
ducing  a  complete  cessation  of  oral  intake,  it  was  occasioxady  possible 
to  prolong  life  by  the  vigorous  administration  of  electrolytes,,  glucose, 
vitamins,  fluids,  and  whole  blood  until  a  subsequent  rise  is  leucocyte 
count  initiated  the  recovery  process. 
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V. 


CONCLUSIONS 


EHectiTs  protection  of  dogs  from  radiation  induced  lethality  can 
be  provided  b?  :he  p re- irradiation  administration  of  para-aminopro- 
piophenone  (P-'-PF).  S ^-aminoethylisothiuronium  (AET),  and  serotonin 
in  combinatior.  -si-hereas  PAPP  alone  is  relatively  ineffective.  This 
combination  of  chemical  agents  is  only  moderately  toxic,  and  much  of  its 
toxic  effect  rr.z-r  be  rapidly  abolished  by  the  administration  of  methylene 
blue  following  Irradiation.  Vigorous  post- irradiation  therapy  with  anti¬ 
biotics,  vitarrins,  parenteral  fluida-.  and  whole-blood  markedly  decrearea 
the  mortality  a— ong  chemically  protected  dogs,  and  increases  the  sur¬ 
vival  time  of  mprotected  dogs.  < 

VL  RECOVllIEPIDATION 

-  -r- 

It  is  reczm.'nended  that  this  and  other  combinations  of  chemical 
agents  be  inveirigated  further  in  dogs  with  a  view  toward  possible  human 
application. 
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Llkmry  ___ 

Roaaiaa*  Araaml.  IMtoa*  Araami.  AMaaa.  AlU:  OMON-SSl 

US  Aray,  Alaaka,  Offlc*  af  tkr  Sarfcaa,  APO  MB.  Saattla.  MaklaRtaa 

US  Aray  Ckaaloal  Mrlar*  lakaratarlaa.  Dlioatarat*  af  MMlcal  RMaatok.  Amy  CMalaal 
Caatar,  M.  ylaad 

Ui  Aray  Ckaarlcl  Carya  Raaaarck  aad  D*ail*BB*al  Uaaaaad.  US  Amy  Malaflarl  Iwfom 
Ukamlorla*.  fktl  Dktrlak,  Mrylaad.  Altai  Ikokatml  Llkmry  Maaak.  OMmaala 
Roaa 

US  Aray  Caaraad  aad  GaaamI  Staff  Callaya.  Fort  t  aaoiaaartk  SaaBaa,  Altai  Aicklvo* 


US  Aray  Dlayarnty.  Pat 


,  S9rl>Bfl*lA  Araary.  Syrlafflald. 


IB  Aray  Eaolaaar  Raaaarck  aad  Daaalr 
Alla;  Tackaleal  Deem  rata  Caatar 


at  l^amtarlaa.  Fort  Btlvalr.  Ylrolaia. 


US  Aray  Earl roaaaata  1  Haaltk  l^mtary.  Amy  Ckaaloal  Caatar.  MwylaM 
US  Aray,  Ettroy*'  Nodical  Dirlalaa,  APO  401.  Naa  York.  Na*  Yark 
US  Amy.  Hadloal  Caaaaad,  Jmpmm,  APO  343.  Saa  Fraaclac*.  Callfarala 
US  Arar  Hadloal  Ualaa*  Braacfc.  Offioa  at  tka  Cklaf  Saryaaa.  Bar  30,  Btlkaa  Hatykla, 
Caaol  Zaaa 


".I-.*  V.'vI'-.'.V.Wa' 


•S  AHMT  -  CONTINUED 


No.  of  AHNT  -  C 

Copiits 

3  US  Aroy  Ifedioal  Petoorai  aad  D.*.lopM«t  Cooand,  CcMcnaiofl  Genmral.  Jbi*  Noof 

1  U?^^'?idiCTi'B^«ck  Unit,  tn.tituto  for  JWicol  Reoeorch.  Kunla  Uirpor,  fcloia 

US  Ar»y  CVdmnco  Armo.ol  rraakf«d,  Bulodelpki.i  37-  Peni»»yl»onifl.  Attn:  Huwa  Factor* 
SoctioB.  1734 

US  Arf,y  Otdr.aoc*  Arsooal,  Frorlford.  Ph.lodelpkia  37.  PoBBsyl-ai*.  *-  Chari— 

Karr.  Chief  Huaem  Factor*  Soctioa.  QlttA-i7S3 
US  Ar»»  Ordnaac*  Tank  Autoootieo  Coooaad.  IVtroit  Aroenol ,  Coat—  Uae.  Mu;la9ai. 

Attn:  Orw.'C-PfX) 

US  Aray,  Fhcific.  APO  9Sa.  Saa  FttacUco,  Coliforaio.  Attn:  Sur^eoa 
US  Aray  Signal  Reaeorch  aoi  D*mlo|joeBt  laboratory.  Fort  Nonaaoth,  He*  Joraey.  Atta: 

Sia^AOT-E 

US  Aray  Standardiiaticn  Croup.  Conado.  Offico  of  tho  Seaior  StaadordiMtioo  Beproaeatotia*. 
r/o  6ir^lorc»te  of  C^uipBent  FNolicy,  Coaodiaa  Army  Kecdqvorteni*  Ot tuM*  Camdo* 

Attn:  Colonel  Joaeji;  A.  Blarr.  »C.  Nediool  Uaiaon  Officor 
US  Aray  Transportation  Beaearci  and  En^iBoeiinq  Cooaaod.  fort  Distia.  Virqiaia.  Attn. 

Chief.  Technical  Infomutroo  Dirijioa  ^  u  a  u 

US  Aray  Tropical  Bemearch  !4edic<il  liiboratory.  APO  6S1,  Nm*  Tork,  TttrJt 

re  Aiay  »<tr  College.  OarlinU  Barrack*.  PenniylaoBio,  Atta:  Ubrarjr 
US  ContiDcotul  Aray  Caaoand.  Medioal  Section,  Fort  Nonrac.  Virginia 
US  Atonic  Fnerqy  Ccaaissioc.  leckDiaal  laloraatiou  Eorvico  Ertenrian.  P.  0.  Bon  Q. 

Cbk  Bidge,  Ternosio* 

Valley  Forge  Ceneral  Horpital.  JVoaaiaeil le,  Penasyleonia.  Attat  Nediool  Library 
Valter  Beed  Aroy  Institute  of  Rcoeorch.  Division  of  Neuropiycbiatry.  ■oshiaataa  13.  D.  C- 
Valter  Reel  Aray  Inslituto  of  Research.  Drpartaeot  of  Atonic  Crsuoltios  Studies,  Saltor 
Reed  Aroy  Medical  Center,  Vnskinqtos  12.  D.  C. 

Valter  Heed  Aray  Institute  of  IWsaarch.  Offico  of  tU  Director.  Valter  Used  Aray  Modi—l 
Ceater.  fcshingtoa  12.  0.  C. 

Valter  Peed  Aray  Institute  of  IWneorch.  taller  Rood  Amy  Medical  Coator.  Voahington  12. 

D.  C.,  Alta:  Paul  S.  IfarshaJl.  Adjatoat 

Valter  Heea  Arc/  Institute  ot  Research.  Valter  Peod  Amy  Msdiool  Cantor.  Vcahington  12. 

0.  C..  Atta:  Stanley  V.  Voitsaer.  N.  D. 

Valter  Reid  CrMraJ  Hospital.  Audiology  and  Speech  Csator.  tailor JJ^  Amy  tadicsa 
Ceater,  Voshington  U.  0.  C..  Attn:  Jane*  P.  AlbriU.  tajo*.  KT 
Valter  Reed  Aray  tadical  Oater.  US  Aray  Medicol  Sorvir*.  Hisicticol  tait.  Vuhiagton  12. 

D.  C..  Attn:  Ucy  V.  loMroa.  Chief.  Ooernl  Raforoac*  oad  Research  Branch 
iocerrliot  Arsenal  OUlfr-B, Technical  Uhtary.  Vaterrliet.  Hen  York 


ACENCT  •  US  NAVY 

1  (kireou  of  Aeraioutics  (AE-UI  Ovportnont  of  the  tary,  Voshingt—  2S.  D-  C. 

2  Bureon  of  tadicue  ood  Suryery.  Rooeorch  Dirision  f71)  Ooporlnent  of  the  taey. 

Voshington  23.  D.  C. 

1  Hireou  of  Naval  O^ratlaon.  (^ECl  C^rationa  Fenlwtiea  Groapw  Nary  Dtpartaont. 
Vashiagtoa  23.  0.  C. 

1  Bureau  of  Naval  Veapoao.  (PVUC-UI  Mary  Dopartasat.  taahiagtaa  23.  D*  C. 

2  fkireau  of  taval  Veapoao.  Doporlnaat  el  the  Nory,  taehlufton  23.  D.  C Alta:  Coda 

Pyrotechnics  Bran— 

2  Bureau  ef  Shipu,  ^yaicu  nad  Okeoacorophy  Rmach,  tala  Nney  taiidiif.  IVlk  and 
Coastitution  Areoue.  tashington  23.  D.  C. 

1  Ebreou  of  Yards  ood  Docks.  Dupottaeat  of  the  Nary,  taskiagtea  23.  D.  C..  Attat  Coda  D-448 
1  Vhrlno  Ca  pn  rducaticnol  Caater.  Aichires  and  Hiatorioal  Croup,  tarino  Catpd  S shoal. 
QMBtico,  Virginia 

1  Naval  Air  Cree  Equipesat  laboratory.  Naval  Air  talerial  Crator.  fbilodelpUa  12. 
taiasyl— ela 

1  Naval  Air  Eaglneeriog  Facility.  Naval  Air  taterial  Coator.  Vhiladolphia  12.  tVanoylvoaha. 
Atta:  Technical  Library 

1  Naval  tadiool  Ftold  IWaoarck  Uhomtery.  Ctanp  UJonao.  North  Crroliaa.  Atta:  Uhrary 
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US  NAVT  •  COMTIMOCO 


No.  of 
CopiM 

1  Naval  Modloal  fUaaarch  Iwtltat*.  %«ialaai  Salari—  Lihrmrj.  .ti'lMBi  Mivai  IMiaai 
Coatar.  klkoo^i  U-  (teylari 

1  %«al  lUaaarck  (Coda  4011  Spaelal  Aaaiauat  (aa  Kadtoal  ad  AiUad  Self  aa.  Daartaat 
of  tka  Nnair,  •■klaqtM  2S.  D.  C. 

10  Naval  Raaoarck  Bmek  Offia.  Navy  100.  Bai  Jt.  Flat  Poat  Ottlem.  Iba  York,  Nta  Toak 

1  IB  Naval  Air  Oavaloyaat  Gaaur.  Avlotla  Ihdiaal  Aoaiaratla  Lakaratarv.  JokavlUa, 
f^Boarlvaalo.  Atta:  Likrary 

US  Naval  Air  Siatla.  Cklaf  af  Itaval  Air  Tanka! wA  Troiaioa.  Hoakia  7S.  Taaaaaaa, 

AtU!  Staff  IMial  Offinar 

1  IB  Naval  Qvll  ^laariai  lAaratarr.  CaoModiaf  Qfflar  aad  Diiaetaa  fChda  Ult  Pwt 
Haaaaa.  Callforaia 

1  IB  Naval  Ibdlaal  Naaarek  I^iatafy.  100.  IB  (kvv.Sakariaa  tea.  Naa  taoda. 

Coaaacticvt,  Atta:  Taekaioal  lalacaatla  Saolla  Ukrary 

2  US  Naval  Nadloal  Sckoal.  Natloal  Navy  IBdlaal  Caator.  Batkooda  14.  htyla^ 

2  US  Naval  Nlaalla  (tetar.  teat  Callforaia,  Atta:  Ufcaaria  Cada  21211 

1  US  teal  Nodlolaqlaal  OafaoM  tokaaatary.  Su  FraasiaM  24.  Oallfaraia.  Alla:  Uroatar 
022) 

1  IB  Naval  Okdaaoa  Tool  Stotla.  Hodial  Offloov.  Statia  teyltal.  Cada  ■.  Ckiai  taka. 
Callforaia 

1  IB  Navo)!  School  of  Avlatla  Hadleiaa,  IB  Ibval  Ay  lot  la  Nadi  oal  Ckatar.  Olractar  af 
Roaaorck.teoaala.  Florida 

1  IB  Nav<.l  Ickoal  af  Avlatla  IMleia,  IB  Noal  Aviatla  Ihdial  Caatar-S4.  Ikaaeala. 

Florida,  Atta:  Caaaaadiat  Offioar 

2  IB  Noal  Sekal  of  Avintla  Hadiela.  US  lhal  Avlatla  Nadial  Caaor.  teaoala. 

Florida,  Atta:  Aat  Dltaotar  af  Raarck 

t  IB  Noal  S«(.,,ly  IbaarA  oad  teoloyoat .  fbeility  Taiikalal  likrory,  tOtk  Stral  ood 
Third  Avoaa,  Broaklya  22.  te  Yak 

1  IB  Ndal  Saayaa  Plat,  Bioarlaatal  Diviaf  Hail,  tekiofla  21,  P,  C. 

ACCNCY  •  AIR  FORCE 

1  Air  Fora  Fllyki  Tat  Gator.  (TinJil  Edardi  Air  Fora  Baa.  Galifaaaia.  Atta:  U 
Uloal  Bart  Room,  IBAT  (MC| 

AIR  :  mMCH  AM)  ICWllMDfT  OORWO 

1  Air  tear  ok  oad  0aala|Bat  Caaaad,  UB  Air  Faroa  HBR'lSl  Aodraa  Air  fWoa  Boa. 

tMklnfta  2S,  0,  C. 

2  Brlqki  Air  tealoyaat  Catar,  Wrlobt<tetaraa  Air  F«a  BMa.  Okla.  Atta:  (KUOR) 

1  Wrlobt  Air  Oavalayaoat  Catar.  (BCURT* Library).  frifbt'Mtiaioaa  Air  Farw  tea.  Ckia 

1  Air  Pralaf  Croad  Caotar,  Air  Raaarah  ad  OaalaBMat  Corood.  IPCBRI)  OB  Air  Fata. 

Eylla  Air  Fora  Baoa.  Florida 

2  Air  Trolala  Caaaad.  lABBC)  Rtodalyk  Air  Fara  Rom.  Ykoa 

1  Areilo  Aarooodial  tearilary,  APO  T31.  Sat  .la.  teklafta,  Atta:  Ukraioa 
1  Aaiataal  far  (kroaod  Safaty,  DfOB,  IB  Air  Fara.  Saokiaota  23.  P,  C. 

1  Hoaa  rketaa  Dlvlala  IB  Air  Fora,  Dlrwlor  of  RaaariR  ood  Daalaoaoat.  tekiaata 

25.  0.  C.  Alta;  Coloal  Cktrla  N.  Waatea.  (BAT  (1C) 

2  lauqloT  IWaarot  Cooiar,  Ibltoaol  Aarowatla  oad  Sooa  Adal  ala  trot  lag,  taaaloy  Flald. 

Wr9lala,  Alta:  Mra  Cliateth  R.  Gllaa.  Ubroala 

7  IB  Air  Fora  Aarooyaoa  Radial  Ckaiar  (ATC)  Bokal  af  Aviatla  Ibdlola  fMBdl.A) 

Hrooko  Air  Fora  BOm.  Tooa 

1  Ifi  Air  1*0100. Aorapaa  Nadia)  CoaWr  (A1C)  IB  Air  fkra  Noafilal,  laohlaad  Air  Fora 
'Joao.  riraa.  Alla:  tela)  Ukaary 

1  I'S  Air  fora.  Sirotofle  Air  CteMad,  Olfla  af  tka  Sarfoa,  Offott  Air  Fara  Baaa, 
Nokroaka 

GOVCRNHCNTAL  ACCNCIES 

1  At'ionno  Norioal  Laboratory.  P.  0.  te  222,  Loaaat,  illiaU,  Alla:  Haylaada  P.  Youao 
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GOVERNMENTAL  AGENCIES  -  CONTINUED 


1  Civil  AsroMdicol  Research  Ceater.  Aeroasatioal  Csater.  P>  0.  Be>  1(NB>  Ohlohcaa 
Qilahoao 


City, 


1  Civil  oDd  Defeaio  Mohllisatioa.  Tsehaioal  LUrarv,  Rosa  Battle  Creek,  Michigan 

1  Chief  Defease  Atoaic  Support  Agsaqr.  Ssshisgtoe  ]$,  D.  C..  Attn:  DecMaeet  Library  Brasch 
1  Librag^^  Csagress.  Science  and  Teehaelogy  Divisisa,  Boshiagtos  2S<  D.  C..  Atta:  Dr.  A. 

1  Natiosoj  Isstllutss  of  Hsalth,  Library,  BsthMda  U>  ffarylood 

1  Natiooal  Iiatitutes  of  Health.  Nstiosal  Osaoer  laatitute,  Rodiatica  Broach,  Bathes  da  14, 
Maryland 

1  Notional  laatitutsa  of  Hsalth.  Division  of  Research  Graals,  Bsthesdn  14,  Maryland 

1  Notional  Library  of  Ibdlciae.  7th  and  Indepeadenoe  Aveaie,  S.  f.,  NisliiBgtoa  25,  D.  C. 

2  National  Rsseorch  Council,  Division  of  Msdical  Sciaaoos,  Msdiool  Records,  2101  Coastitation 

Avoose,  Noshiagtoa  25,  D.  C. 

2  Rassorch  Library.  Brookhavea  ffatioasl  laboratory.  Uptoa.  Lag  Island,  Nee  York 
1  US  Ataic  Energy  Canissia.  Division  of  Bjolagy  oad  Nsdlcia,  Bakiagta  25,  D.  C,, 

Attn;  Mr  Robert  L.  Crosbla.  Dirater.  OETO 

OTHER  AGENCIES 

1  Arctic  Halth  Rneaak  Ceater,  Library.  P,  0.  Ba  HO.  Aaokaroge.  Alahn 

1  Baing  Airplane  Coapaay,  Catral  Msdical  Library.  11*40.  P*  0*  Ba  3707,  Ssattla  24, 
Baaiagton 

1  Balag  Airplaa  Capnay,  Blchita  Divlsra,  library.  Bichla  1,  Kansas 

2  Balag  Airplaa  Capa  ay,  Aere.Spoa  Divlsia.  Bioscisnea  Ssetia,  Sattle  24.  Bashiaqtna. 

Alta:  Dr.  Raay  H.  Leery 

2  Dsoartaent  of  Halth.  Educatia  and  Bslfae,  Divisia  of  Radiologial  Halth  •  BBS, 

Roa  5430.  .tath  HEB  Baildiag,  Bashi^ta  25.  D.  C..  Atta:  Iniocatia  Officer 

2  Dsportaat  of  Halth,  Edvatia  and  Bslfare.  Divisia  of  Btdielogia!  Halth  •  BBS, 
rasthoua,  Sath  Balding,  Bahiagtos  25.  D.  C.  Attn:  OW  Reiereaa  Rea 

1  Elatrie  Bat.  Divisia  at  Gsaral  Dynaia  Corperatia.  Spaial  frejats  Divisia, 

Grotoa,  Ceoaetiat.  Atta:  %  Billioa  J.  King,  Haaa  raeters  Satia 

1  Gsaral  Elatrie  Capnay.  Techaial  Military  Plaaiag  Operatiea.  735  State  Strat,  Sostn 
Barbara,  Califoraia 

1  The  Jots  Crerar  Library,  M  Eat  Rsadelpb  Strat.  Chicago  1,  Illiais 
1  Klogs  Caaty  Hapital,  Ospartaat  of  Asathaiolegy,  Brooklyn,  Na  York  Attn:  Dr. 

Staley  B.  Bsitrar 

1  Icnhsam  Hapital,  Lanoater  sad  City  Lia  Avnass,  Philadelphia  31,  Mnaylvala, 

Atta:  Dr.  Stava  M.  Horvath.  Divisia  of  Raarch 

1  Unfield  Research  latitats,  IfeMianville,  Ckoga 

1  Miyo  Clinic,  Sectia  of  Biophysia.  Rocha  ter.  MUna  eta,  Attn:  Dr.  Kaaetb  N.  Ogle 

1  Msod  Johaa  oad  Capany.  Medical  Dnpatnat.  2401  >•  Moaylaaia  Strat.  Evaaville 
21 ,  ladiaa 

7  National  Aeroaoutics  and  Spaa  Adsinlstratf a.  1520  H.  Strat,  N.  B.,  Bahiagta  25.  D.  C.. 
Atta;  Ih.  Bertra  A.  Milahy.  Dirata  of  Techaial  Inferaatia 

1  Seaory  Biophysia  Group,  (bltera  Recogaitia  Depnrtaont.  DM  Raarch  Center,  Ba  211, 
Yorktaa  nts,  Nev  Yen: 

1  Spaa  Tschaaloay  UAerataia,  Iw,  laforaatia  Servica,  P.  0.  Ba  51001.  Dseuaent 
Acquisitia  urap.  La  Angela  45,  Califoraia 

1  The  Rond  Corporatia.  1700  Ifaia  Strat.  Santa  Mala,  California,  Atta:  Library 
1  Yarkes  lobcrotoria  of  Priaate  Biology,  Orange  Rirk,  riwldo 

MEDICAL  COLLEGE /SCHOOL  LIBRARIES  AND  DEPARTMENTS 
1  Albony  Mrdial  College  Library.  Nev  Scotland  Aveoa,  Albay  6,  Na  Yak 
1  Busson  Gray  Schuu!  uf  Msdicia,  Blata-Sala,  North  Carolina,  Atta;  library 

Callage  of  Hedioal  Evangelists,  Bhite  Nrsorial  Medial  Library,  1720  Brooklyn  Avenue, 
la  Angeles  33,  Cdlifornla 

:  lolleqe  of  Med  icnl  Cvunqtlicts*  V«nil«r  Rodcliff*  Mtaorial  Library.  Lcma  Linda. 

1 1  forma 


C^ie«  “EDICAL  COLLEGE/SCHOOt.  LIBRARIES  AND  DEPARTMENTS  CONTINUED 

1  Colle<je  of  Riysicians  of  Philadelphia.  19  South  22i><l  Street.  Philadelphia  3 •  Peiineflinaia. 
Attn:  Library,  College  of  Physicians  of  Fhiladelphiii 

1  Columbia  University.  Medical  Library. G30  #est  IBSth  Street,  Ke*  York  32,  Nee  York 
1  Cornell  University.  Medical  College  Library,  1300  York  Avenue.  Nee  York  21.  Nee  York 
1  Creighton  Medical  Library,  302  North  14tk  Street,  Qiaha  2.  Nebraska 
1  Dartiioath  College  Medical  Library.  Baker.  Hanover,  New  Haepshire 

1  rtorida  State  University,  Departrent  of  Psychology,  Tollabassee.  riprida,  Attn:  W.  V. 

Dans on 

2  George  Washington  University.  Kuian  Resources  Research  Office.  P.  0.  Bus  3396.  Tashingtoa 

7.  D.  C. ,  Attn:  idbrary 

i  ILirvntd  Medical  Ijbrary,  25  Shattuck  Street,  Boston  IS.  •bseoehusette 

1  Indiana  University  Vedrcal  Center,  School  of  Medicine  Library.  1100  Vest  Michigan  Street 
Indianapolis  7.  Indie  oa 

1  Jefferson  V.jdical  College  Libraty.'  102S  Waliurt  Street,  Philadelphia  7,  fcnruylvonia 
1  Johns  Hopkins  University,  Operations  Research  Of f ice.  £935  Arlington  Read,  Bethesda. 
Maryland,  Washington  14,  D.  C..  Attn:  librory 

1  Johns  Hopkins  University,  Welch  t’edical  Library,  1900  East  Monument  Street.  Baltimore  S. 
Maryland 

1  Marquette  University,  Medical -Denial  Library,  SCO  North  l£th  Street.  Mi)»nukee  3.  Visconsim 

I  Medical  College  of  Virginia.  TGapkir,s -McCos  Library.  RicIsKad  19.  Virgiolo 

1  Nee  York  Acudemy  of  Medicine.  2  East  ICQrd  Street.  Nee  York  29.  Nee  York.  Attn:  Library 

1  Nee  York  University.  Bellevue  ’Aedical  Center  Library.  550  First  Avenue.  Nee  Yerk  IS.  Nee 

York 

1  Nurthvi.'S tern  Universily  Medical  School,  Arabibold  Church  Library.  303  Cast  Chiengo  Avenue. 
Chicago  11,  Illinois 

1  Ohio  State  University.  Chemical  Abstracts,  Colusfcus  IB,  Ohio.  Attnt  Library 

i  Qiio  State  University,  Operatioos  Research  Group.  Engieesring  Esperinent  Stotion.  156 

Vest  Tenth  Avenue,  Columbus  10,  Ohio 

i  Ohio  State  University.  School  of  Qptometry.  Topaz  Library  of  Visual  Scisnee.  338  Vsnt 
Tenth  Avenue,  Columbus  10,  Ohio 

1  Ohio  State  University,  Tofuz  Library.  School  of  C^toeetry.  338  Vest  Tenth  Avenue. 

Columbus  10.  Ohio 

1  Rush  Medi^cal  College  Library,  1758  Vest  Harrison  Itreet.  Chicago  12.  Illinois.  Attn: 

'  fVida  Pliefke,  Ubrartan 

1  St.  Louis  University.  School  of  Medicine.  14(S  South  Grand  Avenue.  St.  Louis  4.  Misseuri 
Attn:  Library 

I  Stanford  University,  Department  of  Physiology,  Stanford.  Qtliforsia.  Attn:  Dr.  J.  N. 
CrisnoB 

1  Stanford  University  Medical  Center.  300  Ristier  Drive,  Stanford.  Cblifornla.  Attn: 

Lane  Medical  Library 

1  State  University  of  Io«a.  College  of  Medicine  Library.  Kedieal  laboratories  Building. 

Ism  City,  loea 

1  State  University  of  New  York,  Dosnstate  Medical  Center.  Demrtnsnt  of  Ansnthsslology. 

450  Clarkson  Avenue.  Brooklyn.  New  York.  Attn:  Dr.  Stanley  V.  VeitzoMt 

1  State  University  of  New  York,  Downstate  Medical  Center,  NedicMl  Ubrary.  450  Clorksen 
Avenue,  Brooklyn  3.  Nee  York 

1  ‘Leras  Medical  Center  Library,  Jesse  H.  Jcnes  Library  Building.  Tirsaa  Midieal  Center. 

Houston  25,  Texas 

2  Tufts  University,  Institute  for  Applied  Ekperinental  Ikycbology.  Ibdford  55.  Hossaebusettn. 

Attn:  (Lul  C  Ronco 

1  Vanderbilt  University  School  of  Medicine,  Department  of  Medicine.  Naefaville  5.  Tennessee. 
Attn:  George  R.  Meneely,  M-D.  Asso.  Prof,  of  Medicine.  Director  Radioisotope  Center 

1  University  of  Alabama,  Medicol  Center  Library,  1919  Seventh  Avenue  Sooth.  Birningbon  3, 
Alaboaa 

1  University  of  Arkansas.  Medical  Center  Library,  4301  Vest  Narkhnn.  little  Rock,  Arkannon 


|f7>lCAL  COXECE/SCHCXJL  UBRABIES  AND  tCPARlVDITS  COfriNUED 


No.  of 
Coploo 

I  Uoivoroity  of  Bkiffalo.  Medioal-Dc&lBl  Librarr.  Buffalo  14.  Ne«  York 
1  Univoraitf  of  Buffalo.  Dopartseat  of  I^Tcbology.  Buffalo  14.  No>  York 

1  UolvoialtY  of  California,  tl.  S.  Kami  Ncdioal  Reoearck  Unit  No.  1.  Berktloy  4.  California 
1  Univoralty  of  California  Medioal  Oator.  Bion^dioal  Library.  Loa  Angelos  24.  California 
1  University  of  California.  Civil  Defense  Researcb  Project.  1301  South  46th  Street. 

Hlchsond  4<  California 

1  University  of  Chicago.  US  Air  Force  Radiation  laboratory.  930  C>  S8th  Street.  CMoago  37. 
Illlrals,  Attn:  Or.  Kenneth  H.  DuBois 

1  University  of  Qiioogo.  Faculty  Crehaage  Bos  184.  Chicago  37.  Illinois,  Attn:  V.  D.  Neff. 
*  l^orotory  of  PbysiologiaU  Psychology 

1  University  of  Cincinrati.  Kettering  laboratory.  Eden  end  Betheada  Avenue,  Cincinnati  19. 
Chio 

I  'hiverslty  of  Illinois.  Departnent  of  Riycholagy.  Urbana,  Illinois.  Attn:  Dr.  Nn  E. 
Xappauf 

1  University  of  Illinois.  Aercssedioal  Inboratory.-  840  South  Wood  Street.  Chicago  12. 
llilnniS,  Attn:  Dr.  John  P.  Uirbarger 

1  University  of  Kansas  Msdicol  Center.  Clendening  Medical  Lihrary.  Kansas  City  12.  Kansas 

1  University  of  Louisville.  School  of  Medicine,  levisellle  Medical  Lihrary,  IQl  Vest 
Chestnut  Street,  Louiseille  2.  Kentucky 

1  University  of  Maryland.  Boolth  Scienooo  Library.  HI  South  Greono  Street.  Brltinore  1. 
Maryland 

1  University  of  Hiaei.  School  of  Mwtirins.  Jackson  Mcnorial  Library.  1000  N.  V.  17th  Stveet. 
MLani  38.  Florida 

1  University  of  Michigan.  Serials  and  Doennents  Section.  General  Library,  Ann  Arbor.Micdiigan 

1  University  of  Minnesota  lihrary.  Gift  and  Exchange  Departnent,  Minneapolis  14,  Misoesota 

1  University  of  Mississippi.  Medico]  School.  Rcnland  Medical  Lihrary.  Jackson,  Mississippi 
1  University  of  Missouri.  Medical  Lihrary.  Colunbia.  Missourt 

1  University  of  Nebrosha.  College  of  Mtdicine  library.  42nd  and  Deeey  Avenue.  Chnhn  J. 

NobrosM 

1  University  of  North  Crrollea.  Divislcn  of  Health  Affairs  Library.  North  Carolina  Mtnorlal 
Hospital,  Cbopci  Kill,  North  Carolina 

J  University  of  Oklohosa  Nodical  Center.  801  N.  E.  13th  Street.  Cklahena  City.  OklahaM, 

Attnt  Library 

1  Ualvrrslty  of  Ckogon  Msdicol  Schnol  lihrary.  3181  S.  V.  San  Jackson  Airk  Road,  Portland 

1.  Oregon 

1  University  of  nttsbur^,  Falk  Lihrary  of  the  Health  Professions.  Pittsburgh  13. 
(^nnsylvaola 

1  University  of  Rochester.  Atosic  Ihcrra  Project,  Technical  Rsport  Coatrnl  Unit.  P.  Q. 

Bra  28f<  Stutioo  3.  Bochester  20L  Nea  York 

I  University  of  Soutbein  Qilifornia.  Schosi  of  Ibdicioe  Lihrary.  Usivonity  (brk.  Lan 
Aogeloa  7,  California 

1  Unlvotslty  of  South  Dakota.  Medical  lihrary,  VorniJlion.  South  Dakota.  Attat  Ibdicai 

library 

1  Unlvarslly  of  ToioMssaa.  Dopartnoat  of  Ebctoriology.  Knoxeilla.  Toanoasaa.  Attn:  Dr.  D. 
Frank  Hoi  tow 

1  Unlvorslty  of  Tennsssoe.  Institute  of  Clinical  iDveitiaotioa.  Clinical  Riysiolagieal 
L^eroterlos.  Kenphis  3.  Tonnesooe.  Attn:  Dr.  Gerald  B.  Spurr 

1  Univorslly  of  Tsnnosooo.  Mooney  Meoorial  Lihrary.  62  S.  Dur.lay.  Nraphis  3.  Tonasosao 
1  Univoralty  of  Toxoa.  the  Radioblolcgial  Idberatory.  RfD  4  Bos  189.  Auatln.  Tsooa 
1  Ualvorsity  of  Toxao,  Msdioal  Broach  library.  Cnlvaatoo,  Tassa 
1  Univarslty  of  Utah.  Msdioal  Library,  Salt  laka  City  12.  Utah 
A  University  of  Varsraat.  CotJego  of  Msdlcdoo  Lihrary.  Burlington.  Vsraont 
1  Ualvorsity  of  Virginia  Hospital.  Ibdioal  Library.  Charlottesville,  Viiginin 
J  Univoralty  of  Vasklogton.  Haaith  Vlaoraa  library.  Soattla  S.  Vaahiagton 


No.  of  MEDICAL  COLLECE/SCHOOL  LIBR ABIES  AMD  DEPARTMCMTS  -  COMTIJIDCO 
Copies 

i  UniversUf  of  liacosais  Medical  LiAsary.  S.  M.  I.  Building.  M.  Charter  Street.  Hidisaa 
S.  Siscaosis 

1  Uaieenity  of  Neat  Virginia.  Msdioal  Cnter  lihroxy.  Morgatmn.  Vast  Vixgisia 

rcREica 

fi  British  Amy  oned  Mxee  Medical  lioisos  Officer.  B.  J.  S.  M.  (Amy  Staff)  1800  Street. 

N.  tashingk.ao  25.  0.  C. 

■  Canadian  Liaison  Officer.  Office  of  tie  Surgeon  General,  OS  Amy.  Rwoi  2709.  Mnia  Noey 
Building.  Canadian  Joint  Staff.  {Koshington)  Vasbington  25.  D.  C. 

2  Defence  Research  Henber.  Canadian  Joint  Staff,  (kashington)  Rons  2709.  Main  Navy 
Building.  IRiskingtan  25.  D.  C. 

1  lidraratoire  de  Ritliolagie  et  Therapentigue  Cmerolee.  32  Boulevard  de  la  Conetitutioo. 
Liege.  Belgique.  Attn:  Directeur  Profceeenr  Z.  M.  Boeg 

1  Physics  Research  Irdtoratories.  Upper  Redlands  Brad.  Reading.  Berhe.  England.  Attn:  Pret. 
H.  V.  OitcUburn 

1  Royal  Society  of  Mwiicine  Lihrary.  1  Viepale  Street.  Londea  V.  1.  England 
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